Urothelial carcinoma of the bladder (UCB) is one of the most common cancers and causes of cancer-related death in the United States[@b1]. For patients with muscle-invasive UCB and with superficial disease at high risk of recurrence and progression, radical cystectomy plus pelvic lymphadenectomy remains the standard treatment[@b2][@b3]. Despite aggressive treatment with surgery and adjuvant therapy, approximately 50% of UCB patients develop metastatic/recurrent disease within 2 years[@b4][@b5]. Conventionally, the assignment of risk for predicting UCB patients' recurrence and progression is mainly based on the pathologic stage, lymph node status, and positive surgical margins[@b6][@b7][@b8]. In clinic, however, selection of patients for multimodal treatment still remains a significant challenge[@b9]. Therefore, identifying specific molecular markers that determine the biological nature and behavior of UCB would be of the utmost importance for the optimization of individualized therapy.

RNF2, also called Ring1B, was first identified as an important interactor of Bmi1, which is a group II polycomb group (PcG) protein[@b10]. PcG proteins, which are highly expressed in many types of human cancers, exist in at least two multimeric nuclear protein complexes: polycomb repressor complex 1 (PRC1) and PRC2[@b11][@b12]. RNF2 is contained in the PRC1 complex, acting as an ubiquitin E3 ligase toward histone H2A at lysine 119[@b13][@b14]. In selective tumor types, RNF2 can promote tumor development through poly ubiquitinates tumor suppressor TP53[@b15]. In HeLa cells, knockdown of RNF2 could lead to an apparent morphologic change and/or a dramatic inhibition of cell proliferation[@b13]. A recent study reported that RNF2 was overexpressed in ductal breast carcinoma cells and involved in tumor progression[@b16]. These observations imply that upregulation of *RNF2* may provide a selective advantage in the pathogenesis of different human cancers. To date, however, the molecular status of *RNF2* and its potential biological role in UCB has not been elucidated. In the present study, immunohistochemical (IHC) analysis and fluorescence *in situ* hybridization (FISH) were used to examine the protein expression and amplification of the *RNF2* gene in a large cohort of UCBs; the clinicopathologic/prognostic significance of RNF2 expression in UCB patients was also assessed.

Methods
=======

The Ethical Committee of Sun Yat-sen University Cancer Center (Guangzhou, China) approved all the experimental methods in the current study. All experiments were done in accordance with guidelines from the Ethical Committee of Sun Yat-sen University Cancer Center.

Patient tissue specimens
------------------------

This study included 203 consecutive patients who underwent radical cystectomy plus bilateral pelvic lymphadenectomy from February 2000 to October 2009 at Sun Yat-sen University Cancer Center. One hundred eighty-four patients with primary UCB were selected; 19 patients with a history of any other type of tumor, including adenocarcinoma, squamous cell carcinoma, small-cell carcinoma, and sarcoma, were excluded. None of the patients received pelvic irradiation or systemic chemotherapy before cystectomy. The medical records of all patients were retrospectively reviewed with emphasis on overall survival (OS) and cancer-specific survival (CSS). CSS was determined from the date of surgery to the date of death from UCB or last follow-up. Formalin-fixed, paraffin-embedded (FFPE) tissues were obtained from the archives of the Department of Pathology of Sun Yat-sen University Cancer Center. Written informed consent was obtained from all patients prior to the study. The use of the clinical specimens for research purposes was approved by the Institutional Research Ethics Committee. Urologic pathologists (Drs. JW Chen and D Xie) reviewed all the histologic samples to determine the pathologic stage, according to the TNM classification criteria established by the International Union Against Cancer (6th edition, 2002). A positive surgical margin was defined as the presence of tumor at inked areas of soft tissue on the cystectomy specimen[@b8]. Urethral or ureteral margin status was not considered in this analysis.

IHC analysis
------------

IHC studies were performed using a standard streptavidin-biotin-peroxidase complex method[@b17]. In brief, tissue sections were deparaffinized and rehydrated. Endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide for 20 min. For antigen retrieval, tissue slides were boiled in 10 mM citrate buffer (pH 6.0) in a pressure cooker for 10 min (RNF2) or microwave-treated for 10 min (Ki-67). Nonspecific binding was blocked with 10% normal rabbit serum for 20 min. The slides were incubated with anti-RNF2 (Abcam, Cambridge, MA; diluted 1:500 in phosphate buffered saline (PBS), overnight at 4 °C), and anti- Ki-67 (Abcam, Cambridge, MA; diluted 1:100 in PBS, overnight at 4 °C). All incubations were performed in a moist chamber. Subsequently, the slides were incubated with biotinylated rabbit antimouse immunoglobulin at a concentration of 1:100 for 30 min at 37 °C and then reacted with a streptavidin-peroxdase conjugate for 30 min at 37 °C and using 3′-3′ diaminobenzidine as a chromogen substrate. The nucleus was counterstained using Mayer's hematoxylin. A negative control was obtained by replacing the primary antibody with a normal murine IgG. Known IHC-positive RNF2 staining slides of breast cancer were used as positive controls. The malignant and nonmalignant tissues were scored for RNF2 and Ki-67 by assessing the site of positive staining in the nucleus. The status of nuclear expression of RNF2 and Ki-67 was assessed by determining the percentage of positive cells stained in each tissue section. A minimum of 400 epithelial cells were counted for each case. Two independent pathologists (Drs. JW Chen and D Xie) were blinded to the clinicopathologic information and performed the scorings. Inter observer disagreements (which occurred in about 6% of the total informative cases) were reviewed a second time, and both pathologists subsequently rendered a final judgment.

FISH
----

Two-color FISH was applied to the sections of FFPE UCB tissues using spectrum red-labeled bacterial artificial chromosome clone (CH17-111I15) containing the RNF2 gene; a chromosome 1 centromere probe labeled by spectrum green (Vysis, Downers Grove, IL) was used as internal control. The FISH reaction was performed as described previously[@b18] with slight modification. Briefly, the deparaffinized tissue section was treated with proteinase K (400 μg/ml) at 37 °C for 45 min, followed by denaturing in 70% formamide, 2× standard saline citrate (SSC) at 75 °C for 8 min. 50 ng of each probe were mixed in a 20-μl-hybridization mixture (containing 55% formamide, 2× SSC, and 2 μg human Cot1 DNA), denatured at 75 °C for 6 minutes and then hybridized to the denatured FFPE section at 37 °C for 24 hours. After washing, the section was counterstained with 1 μg/ml DAPI (4',6-diamidino-2-phenylindole) in an anti-fade solution and examined with a Zeiss Axiophot microscope equipped with a triple-band pass filter. FISH signals from 300 cells in each sample were counted. The criteria for gene amplification of RNF2 were defined as the presence (in ≥20% of tumor cells) of either 6 (or more) gene signals or more than 3 times as many gene signals as reference signals.

Statistical analysis
--------------------

Statistical analysis was performed with SPSS software (SPSS version 17.0, SPSS Inc.). The chi-square test was used to determine the association of RNF2 protein expression with the UCB patient's clinicopathologic features and the correlations between molecular features detected with each. For survival analysis, we analyzed all UCB patients by the Kaplan-Meier method. The log-rank test was used to compare different survival curves. Multivariate survival analysis using the Cox regression model was performed on all parameters that were found to be significant on univariate analysis. *P* values \< 0.05 were considered statistically significant.

Results
=======

RNF2 expression in UCB and normal bladder tissues
-------------------------------------------------

Positive expression of RNF2 by IHC analysis in UCB cells and in normal bladder mucosa cells was primarily a nuclear pattern ([Fig. 1a,b](#f1){ref-type="fig"}). Because the expression of RNF2 in each of the normal bladder mucosa was negative or no more than 10% of the urothelium with positive staining ([Fig. 1a](#f1){ref-type="fig"}), overexpression of RNF2 was scored only when more than 10% of the tumor cell nuclei were positively stained ([Fig. 1b](#f1){ref-type="fig"}). Using these criteria, the overexpression of RNF2 was examined in 81/184 (44.0%) of the UCBs. In addition, we evaluated a potential association between RNF2 expression and tumor clinicopathologic features in UCBs. The results showed that no significant association was determined between expression of RNF2 and the clinicopathologic features of the UCB cohort, such as patient age, sex, smoking history, surgical margins status, pT status, pN status, and multiplicity (*P* \> 0.05; [Table 1](#t1){ref-type="table"}).

Relationship between clinicopathologic variables, RNF2 expression, and UCB patient survival
-------------------------------------------------------------------------------------------

In our cohort, the median follow-up time of UCB patients was 69 months (range, 6--176 months). In univariate analysis, overexpression of RNF2 was evaluated to correlate closely with poor patient OS and CSS for the whole UCB cohort and could further stratify patient survival in pT1, pT2, pN(−), and negative surgical margin ([Table 2](#t2){ref-type="table"}, [Figs 2](#f2){ref-type="fig"} and [3](#f3){ref-type="fig"}). Multivariate analysis demonstrated that RNF2 expression, as well as pT status and surgical margin status, were independent predictors of OS and CSS for the whole UCB cohort ([Table 3](#t3){ref-type="table"}).

Correlation between RNF2 expression and cell proliferation in UCBs
------------------------------------------------------------------

The expression level of Ki-67 was assessed as a labeling index (LI) (i.e., as the percentage of Ki-67-positive cells in each tumor). In our UCB cohorts, since the median LI value of Ki-67 for all 184 UCB tumor samples was 28.2%, the median value of 28.2% was used as a cutoff value to define low LI of Ki-67 (LI \< 28.2%) and high LI of Ki-67 (LI ≥ 28.2%). In our IHC samples, RNF2 and Ki-67 were detected simultaneously ([Fig. 4](#f4){ref-type="fig"}). Correlation analysis demonstrated that the frequency of cases with a high LI of Ki-67 was significantly greater in tumors with overexpression of RNF2 (58/81 cases, 71.6%) than in tumors with normal expression of RNF2 (34/103, 33.0%; chi-square test, *P* = 0.003).

Amplification of *RNF2* in UCBs
-------------------------------

In our FISH study, FISH analysis was informative in 79/184 (42.9%) of the UCBs. Samples without FISH signal, or samples with weak target signals or samples with a strong signal background, comprised the non-informative cases. FISH results showed that the amplification of *RNF2* was determined in 8/79 (10.1%) of informative UCB cases; in each of the 7 cases with *RNF2* amplification, overexpression of RNF2 was observed ([Fig. 1c](#f1){ref-type="fig"}). In the remaining 71 informative cancers without *RNF2* amplification, 46 (64.8%) cases showed normal expression of RNF2, while 25 (35.2%) cases showed overexpression of RNF2 ([Table 4](#t4){ref-type="table"}).

Discussion
==========

Amplification of 1q is one of the most frequent chromosomal aberrations in human UCB[@b19][@b20] and in several other types of cancer, including lung[@b21], breast[@b22], colorectal[@b23], and hepatocellular[@b24]. This suggests that human chromosome 1q contains oncogenes related to tumorigenesis and/or progression of human cancers. In addition to genomic alterations, epigenetic changes have been associated with tumor development. Recent evidence showed that PcG proteins are highly expressed in various kinds of human cancers and function as transcriptional repressors. As a core member of the PRC1 complex, RNF2 from chromosome 1q25.3 has been previously found to have an oncogenic role in selective cancers[@b15][@b16]. This prompted us to investigate whether the abnormalities of RNF2 are involved in the pathogenesis of UCB.

In our study, we observed that, when examined by IHC analysis, expression of RNF2 in all normal bladder tissue specimens was absent or at low level. Levels of RNF2 expression were found to be upregulated in our UCB specimens, which suggests that RNF2 potentially plays an important role in the tumorigenesis of UCB. Although no significant association was observed between RNF2 expression and any of the UCB patients' clinicopathologic features, including tumor grade and clinical stage, overexpression of RNF2 was a strong and independent predictor of short OS and CSS, as evidenced by Kaplan-Meier curves and multivariate Cox proportional hazards regression analysis. Furthermore, stratified survival analysis of UCB histopathological grade and/or pT stage showed that expression of RNF2 was closely associated to the OS and CSS of different subsets of UCB patients. Interestingly, we found that the prognostic significance of RNF2 overexpression was more prominent in patients with either localized pathologic tumor stage or no nodal involvement. Conversely, overexpression of RNF2 did not significantly predict OS and CSS in patients with advanced pathologic stage and/or nodal involvement. Similarly predictive patterns were also observed in patients with or without positive surgical margins. Thus, these findings suggest that the predictive effect of RNF2 overexpression on UCB oncologic outcomes is clinically significant in patients with pathologically localized tumors.

Previous studies demonstrated that RNF2 was frequently up-regulated in many types of human cancers and promoted tumor cell proliferation through negative regulation of p53[@b15][@b25]. In fact, p53 is crucial for keeping urothelial growth in check and the urothelial genome stable[@b26]. UCB patients with a down-regulated level of p53 have a much higher risk of disease progression and poorer prognosis than patients who without[@b27][@b28]. These data suggest that RNF2 may provide a selective advantage in the tumorigenesis of UCBs. Although we have shown overexpression of RNF2 in several of our UCB tumors, and a positive association between the expression levels of RNF2 and that of Ki-67 (an important marker for cell proliferation), the precise signaling pathway involved in these processes remains to be determined. Nevertheless, our results suggest a potentially important role for *RNF2* in the control of UCB cell proliferation, an activity that might be responsible, at least in part, for UCB tumorigenesis and/or progression.

It is well established that overexpression of an oncogene in human cancers is often caused by gene amplification[@b29]. To assess if the overexpression of RNF2 in UCBs was caused by gene amplification, we examined the amplification status of *RNF2* by FISH. In our 79 informative UCB cases examined simultaneously by both IHC analysis and FISH, overexpression of RNF2 was detected in 87.5% (7/8) of UCBs that had *RNF2* amplification. However, amplification of *RNF2* was not observed in 25 other UCBs with overexpression of RNF2. These results indicate that overexpression of RNF2 was associated with *RNF2* gene amplification, but it did not always coincide, suggesting that molecular mechanisms other than gene amplification might play a more critical role in the regulation of RNF2 expression in UCBs.

Our study did have some limitations. First, it was a retrospective study, and our data were obtained from a single tertiary center. Thus, future community-based prospective studies or studies from multiple centers are required for external validation. Second, the informative cases in our FISH study represented only 42.9% of our cohort; this might have biased our data. Third, our cohort specimens were all from cystectomy; future studies will need to focus on the relationship between RNF2 expression and low-grade UCBs.

In summary, our results provide some evidence that overexpression of RNF2 plays a role in the prognosis of UCB and might serve as a novel prognostic marker and potential therapeutic target for UCB patients.
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![Immunohistochemical staining of RNF2 and fluorescence *in situ* hybridization (FISH) of RNF2 in human bladder tissues.\
(**a**) A normal bladder mucosa showed normal expression of RNF2 protein with a negative staining of RNF2 in nuclei of all normal bladder epithelial cells. Original magnification ×100. (**b**) A UCB (case 115) showing overexpression of RNF2, in which more than 90% of tumor cells had positive staining of RNF2 in nuclei. Original magnification ×100. (**c**) Amplification of the *RNF2*gene was observed by FISH in the same UCB case (case 115), in which *RNF2* genes signals (red) were detected at least 3 times more than signals on chromosome 1 centromere (green). Original magnification ×1000.](srep20894-f1){#f1}

![Overall survival analysis of RNF2 expression in total cohort and different subsets of UCB patients.\
(**a**) Total cohort; (**b**) pT1; (**c**) pT2; (**d**) pT3/4; (**e**) pN(−); (**f**) pN(+); (**g**) Negative surgical margins; (**h**) Positive surgical margins.](srep20894-f2){#f2}

![Cancer-specific survival analysis of RNF2 expression in total cohort and different subsets of UCB patients.\
(**a**) Total cohort; (**b**) pT1; (**c**) pT2; (**d**) pT3/4; (**e**) pN(−); (**f**) pN(+); (**g**) Negative surgical margins; (**h**) Positive surgical margins.](srep20894-f3){#f3}

![RNF2 levels are positively correlated with Ki-67 expression in primary UCB specimens.\
Representative image shows that overexpression of RNF2 and high-level expression of Ki-67 was examined by IHC in a UCB case (case 36).](srep20894-f4){#f4}

###### Association between RNF2 expression and tumor clinicopathologic features in 184 UCB cases.

  Variable              All cases (n = 184)   RNF2 expression (%)    *P*^a^   
  -------------------- --------------------- --------------------- ---------- -------
  Age (years)                                                                  0.743
   ≤60                          102                56(54.9)         46(46.1)      
   \>60                         82                 47(58.5)         35(41.5)      
  Sex                                                                          0.885
   Men                          162                91(54.5)         71(45.5)      
   Women                        22                 12(56.2)         10(43.8)      
  Tumor multiplicity                                                           0.330
   Unifocal                     70                 36(51.4)         34(48.6)      
   Multifocal                   114                67(58.8)         47(41.2)      
  Smoking history                                                              0.663
   No                           83                 45(54.2)         38(45.8)      
   Yes                          101                58(57.4)         43(42.6)      
  Surgical margins                                                             0.188
   Negative                     165                96(58.1)         69(41.9)      
   Positive                     19                  8(42.1)         11(57.9)      
  pT status                                                                    0.277
   pT1                          48                 30(62.5)         18(37.5)      
   pT2                          74                 38(51.4)         36(48.6)      
   pT3                          41                 26(63.4)         15(36.6)      
   pT4                          21                  9(42.9)         12(57.1)      
  pN status                                                                    0.238
   pN−                          148                86(58.1)         62(41.9)      
   pN+                          36                 17(47.2)         19(52.8)      

^a^chi-square test.

Abbreviation: RNF2, ring finger protein 2. UCB, urothelial carcinoma of the bladder.

###### Prognostic value of RNF2 expression in 184 UCB cases.

  RNF2 expression       Cases   Overall survival   Cancer-specific survival                                      
  -------------------- ------- ------------------ -------------------------- --------- -------- ---------------- ---------
  Total                                                                                                          
   Normal expression     103           1                                                  1                           
   Overexpression        81          2.644               1.533--4.562         \<0.001   2.945     1.630--5.323    \<0.001
  pT status                                                                                                      
  pT1                                                                                                            
   Normal expression     30            1                                                  1                           
   Overexpression        18          4.403              1.044--18.569          0.044    13.373   1.548--115.517    0.018
  pT2                                                                                                            
   Normal expression     38            1                                                  1                           
   Overexpression        36          6.687              1.736--25.758          0.006    6.150    1.561--24.236     0.009
  pT3-T4                                                                                                         
   Normal expression     35            1                                                  1                           
   Overexpression        27          1.847               0.916--3.724          0.083    1.811     0.878--3.736     0.108
  pN status                                                                                                      
  pN−                                                                                                            
   Normal expression     86            1                                                  1                           
   Overexpression        62          3.825               1.968--7.434         \<0.001   10.173   4.218--24.540    \<0.001
  pN+                                                                                                            
   Normal expression     17            1                                                  1                           
   Overexpression        19          0.807               0.309--2.109          0.662    0.592     0.229--1.530     0.279
  Surgical margins                                                                                               
  negative                                                                                                       
   Normal expression     96            1                                                  1                           
   Overexpression        69          2.446               1.274--4.695          0.007    2.850     1.393--5.831     0.004
  positive                                                                                                       
   Normal expression      8            1                                                  1                           
   Overexpression        11          1.627               0.565--4.683          0.367    2.130     0.680--6.670     0.194

^a^chi-square test.

Abbreviation: RNF2, ring finger protein 2. UCB, urothelial carcinoma of the bladder.

###### Multivariate Cox regression analysis for overall survival of UCB patients.

  Factor                 Overall survival   Cancer-specific survival                                   
  --------------------- ------------------ -------------------------- --------- ------- -------------- -------
  RNF2 expression^a^          2.397               1.339--4.292          0.003    2.560   1.388--4.723   0.003
  pT status^b^                2.735               1.582--4.729         \<0.001   2.783   1.580--5.225   0.001
  pN status^c^                0.680               0.318--1.457          0.322    0.838   0.381--1.839   0.659
  Surgical margins^d^         3.316               1.683--6.534          0.001    3.351   1.677--6.694   0.001

^a^Normal expression vs. overexpression; ^b^pT1 vs.T2 vs. pT3-pT4; ^c^pN- vs. pN+.

^d^negative vs. positive.

Abbreviation: RNF2, ring finger protein 2. UCB, urothelial carcinoma of the bladder.

###### Association between *RNF2* expression and amplification in UCBs.

  *RNF2* gene         Informative cases   RNF2 expression    *P*^a^    
  ------------------ ------------------- ----------------- ----------- -------
  No amplification           71              46 (64.8)      25 (35.2)   0.004
  Amplification               8              1 (12.5)       7 (87.5)       

^a^chi-square test.

Abbreviation: RNF2, ring finger protein 2. UCB, urothelial carcinoma of the bladder.
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